) because of their high ion-associate constants 3 and the higher concentration of AS -in the water. The toxicity of CS + to aquatic animals, [4] [5] [6] even in the form of the CS + ·AS -ion associate, 7 was found to be much higher than that of an anionic surfactant. Therefore, it is necessary to develop a sensitive and reliable analytical technique to study the occurrence and fate of trace-level CS + in an aquatic environment.
In recent years, several analytical methods for CS + in water were reported. [8] [9] [10] [11] [12] [13] [14] [15] [16] Among them, the solvent-extraction, 8 HPLC 9 and capillary electrophoresis 10 methods are not applicable for the analysis of CS + in environmental samples due to interference from AS -. Although flow injection analysis 11 is simple and rapid, the sensitivity is still very poor. A two-step solvent-extraction method 12 proposed by Nakamura et al. can be applied to environmental water samples. The solvent used in that method, 1,2-dichloroethane, however, is toxic. Ding and Liao reported a solid-phase extraction method 13 for the GC/MS determination of CS + in river water and sewage effluent. Although this method is highly sensitive, it is also tedious and time-consuming. In our previous papers, [14] [15] [16] membrane filters were proposed as solid-phase extraction media for the separation and spectrophotometric determination of CS + in river water samples. These methods are simple and rapid, and no solvent, or just a small volume of lower toxic solvent, N,Ndimethylformamide (DMF), was used. The analytical results showed that the concentrations of CS + in river water samples were around 10 -7 mol dm -3 or less. Organic pollutants, 17 including AS -, 18 and nonionic surfactant, 19 were found to easily adsorb to sediment. CS + is presumably also easy to adsorb to sediment by a hydrophobic or ion-exchange interaction. Furthermore, the fact that an extremely low concentration of CS + existed in water 13, 15, 16 also supports such an assumption. The adsorption of CS + to sediment may influence their toxicity, mobility and decomposition rate. In this context, it is of great importance to determine the concentration of CS + in sediments in order to develop a basic understanding of the behavior of CS + in an aquatic environment. A study concerning the analysis of CS + in sediment samples by other researchers, however, has not been found.
In our previous work, 16 a simple extraction method using methanol as a solvent was developed to extract the adsorbed The quantitative extraction of cationic surfactant (CS + ) in river sediments was studied. Further, the developed method was applied to the spectrophotometric determination of CS + in urban river sediment samples by solid-phase extraction with membranes. A mixture of methanol and hydrochloric acid was proposed as an eluent. Dried sediment was digested in the eluent under ultrasonic irradiation. After elution, the eluent was evaporated to almost dryness. The residue was dissolved in a small volume of methanol and diluted to a certain volume with water. The pH of the solution was adjusted to 4 -5 to separate iron and some other metals as precipitates of hydroxides. The solution was passed through two-piled membranes: first glass-fiber and then polytetrafluoroethylene (PTFE) membranes. A small volume of methanol was passed through the membranes to elute any CS + retaining on the membranes. After passing the methanol solution through a cationic exchange resin column, the retained CS + was eluted with methanol containing a high concentration of sodium chloride. Water, Bromophenol Blue (BPB) and hydrochloric acid were added to the solution. The solution was passed through a mixed cellulose ester membrane filter to retain an ion associate of CS + ·BPB -. The retained ion associate was dissolved in a small volume of N,N-dimethylformamide together with the membrane filter, followed by the addition of triethanolamine to make the solution alkaline. The absorbance due to BPB 2-was measured at 603 nm against a reagent blank. This method was applied to the determination of CS + in river water and sediment. A cationic surfactant in sediments at 10 -5 mol kg -1 levels was detected with satisfactory precision. It was found that CS + was about 500-fold enriched in the sediment from water at the place where domestic wastewater was discharged. CS + from sediment samples, followed by a spectrophotometric determination. A cationic surfactant at mg/kg levels was detected by this method. Recovery tests, however, showed that not all of the CS + , but only the weakly adsorbed CS + , was extracted when only methanol was used as the solvent. Present work is the continuation of the former, while aiming to extract all of the CS + in sediment. The addition of hydrochloric acid to a methanol solution was found to be very effective for extracting all of the CS + .
The cationic surfactant was successfully separated from the co-extracted matter by using a glass fiber filter and a polytetrafluoroethylene (PTFE) membrane filter, together with a cationic exchange column. Recoveries higher than 90% were obtained by this method. The analytical results of the environmental samples showed that the concentrations of CS + in sediment were much higher than that in water samples, which verified the presumption that the CS + adsorbs easily to the sediment.
Experimental

Reagents
Benzyldimethyltetradecylammonium chloride dihydrate (Zephiramine, Zeph + Cl -·2H2O, analytical grade) was purchased from Dojindo (Kumamoto, Japan). It was used as a standard material of CS + to be spiked to the sediment samples for the recovery test. The standard material was dissolved in water without further purification. Sodium lauryl sulfate (SDS, an especially prepared reagent for the study of protein) was obtained from Nacalai Tesque (Kyoto, Japan). A stock solution of SDS (1 mmol dm -3 ) was prepared by dissolving with 0.1 mol dm -3 hydrochloric acid and kept at 4˚C. A glass fiber filter and a polytetrafluoroethylene (PTFE) membrane filter (T020A047A; 0.2 µm pore size; 47 mm in diameter) were purchased from Advantec Toyo (Tokyo, Japan). A BOND ELUT ® cationic exchange column (part number, 12162040B; SCX bonded phase; 500 mg) was purchased from VARIAN (CA, USA).
Apparatus
A SIBATA (Model SU-30) ultrasonic generator (output 120 W; Tokyo, Japan) was used to accelerate the extraction of CS + from sediment samples. The evaporation of the extract was performed by a Büchi rotary evaporator (Switzerland). An Advantec Toyo (Tokyo, Japan) filtration apparatus (Model KG-25) was used under a vacuum with an aspirator. The determination of the isolated CS + from sediment samples was conducted with a Hitachi (Model U-2001) spectrophotometer (Tokyo, Japan) equipped with a 1 cm glass cell.
Samples of river sediment
River-sediment samples were taken from several rivers in Toyama City. Sediment on the top 10 cm layer was taken as a sample. In the laboratory, the samples were centrifuged and dried at 110˚C for 2 h. The dried samples were passed through a 16-mesh sieve and stored at room temperature.
Extraction and separation of the CS + from a sediment sample
After 10 g of a dried sediment sample was taken into an Erlenmeyer flask, 60 ml of methanol and 6 ml of 10 mol dm -3 hydrochloric acid were added to the flask followed by 30 min of ultrasonic irradiation. The extract was separated by filtration through a PTFE membrane filter. The sediment on the filter was taken into the flask, and additional portions of methanol and hydrochloric acid were added. The extraction procedure was repeated. The two extracts were combined, transferred to an evaporation flask, and evaporated to dryness with a rotary evaporator. A 10 ml volume of methanol was added to the evaporation flask and sonicated for 2 min to re-dissolve the extract, followed by being transferred to a 50 ml volumetric flask. The evaporation flask was washed with 3 portions of 10 ml of methanol and all of the extracts were transferred to the same volumetric flask. The solution was finally made up to the volume with methanol.
After 2 -6 ml of extract in the volumetric flask was transferred into an Erlenmeyer flask, 100 ml of water was added. The pH of the solution was adjusted to 4 -5. The solution was heated near the boiling point on a hotplate for about 90 min to evaporate the small volume of methanol and to form precipitation. The warm solution was set aside at room temperature to cool and be filtrated through two-piled filters: a glass fiber filter on the top and a PTFE membrane filter underneath. The filters were washed with 10 ml of water, followed by elution with 15 ml of methanol. The methanol eluent was passed through a cationic exchange column. The CS + retained on the column was eluted with 2.5 ml of a 0.1 mol dm -3 sodium chloride-methanol (90%) solution into a test tube followed by being adjusted to 15 ml with water.
Determination of isolated CS +
The procedures for determining the isolated CS + were almost the same as that described in our previous paper. 16 Two milliliters of a Bromophenol Blue solution and 2 ml of 4 mol dm -3 hydrochloric acid were added to the test tube. The solution in the test tube was made up to 25 ml with water, shaken vigorously for about 10 s and set aside for 10 min. The solution was then passed through a mixed cellulose ester membrane filter, followed by washing with 5 ml of 0.3 mol dm -3 hydrochloric acid. The filtration area was cut off, and dissolved into 5 ml of N,N-dimethylformamide (DMF). Two drops (about 0.08 ml) of triethanolamine were added to the solution to make it alkaline. The absorbance of BPB 2-in the DMF solution was measured at 603 nm against a reagent blank.
Results and Discussion
The elution and retention models for CS + Methanol was used as the solvent for extracting of CS + from sediment samples in previous work. 16 The recovery tests, however, showed that only a part of CS + was recovered when only methanol was used as the solvent. The result suggested that the CS + in the sediment could exist in some different forms, and only a few specific forms of CS + were extracted by methanol. The CS + is presumably precipitated on the sediment as the CS + ·AS -ion associate, adsorbed by an ion-exchange interaction to the inorganic part of the sediment, and adsorbed by a hydrophobic interaction to the organic substances at the surface of the sediment particle. The CS + retained by ion exchange is probably unable to be extracted with methanol. Therefore, at first, sodium chloride was added to the methanol solution to increase the extractability. The recovery increased only slightly from 21% to 26%, indicating that most of the CS + at certain specific forms, such as the strong hydrophobic interaction with organic substances, was still not extracted. Hydrochloric acid, however, was found to be very effective for the quantitative extraction of CS + from the sediment used in this study. The effect of the hydrochloric acid concentration in a methanol solution on the extraction is shown in Fig. 1 . The absorbance obviously increased with increasing the 1292 ANALYTICAL SCIENCES NOVEMBER 2001, VOL. 17 concentration of hydrochloric acid, and became constant at concentrations higher than 0.1 mol dm -3 . The acid dissolved the surface of sediment particles whose major component might be metal hydroxide or oxide, as described in a later section, and the metal ions are released into the solution. The organic matter, such as surfactants and humic substances, which are strongly retained on the surface of the sediment particles, were released into the methanol solution along with the dissolution of the surface structure. Furthermore, the ion-exchange interaction of hydrogen ion should also be considered to contribute to the extraction.
Irradiation time and extraction times
The effect of the ultrasonic irradiation time on the extraction was examined with a methanol solution containing 1 mol dm -3 hydrochloric acid. The absorbances were constant during the irradiation time examined from 15 min to 60 min, showing the CS + was quickly extracted to the methanol solution under the action of the acid at higher concentration. Table 1 shows the relationship between the recovery efficiency and the frequency of extraction operation. A single extraction was not sufficient for a quantitative extraction of CS + from the sediment samples. More than 98% extractability was obtained by two extractions. In this work the sediment samples were extracted twice with each irradiation time of 30 min.
Isolation of CS
+ from sediment extracts Chlorophyll was found to be co-extracted with weakly adsorbed CS + by using methanol as a solvent, 16 the color of this extract was light green, but became dark brown in the presence of hydrochloric acid, indicating many other substances, inorganic and organic, were also extracted together with CS + under the action of acid. The results of the UV spectrum and ICP-AES determination indicated that Fe 3+ was a major component in the extract. Humic substances in the extract were also separated and identified by their spectra. Iron ion could form an ion associate with BPB -anionic dye, giving a positive error to the determination of CS + . Humic substances would interfere with the formation of a CS + ·BPB -ion associate by forming a strong ion associate with CS + . Therefore, isolation of the CS + from the sediment extract before a determination was strongly required.
In this work, two piled filters, first a glass-fiber and next PTFE membrane filters, were applied to separate the CS + from the metals and humic substances. One hundred milliliters of water were added to the extract, and the pH was adjusted to pH 4 -5. The solution was then heated and kept at the boiling point on a hotplate to evaporate the methanol contained in the solution, and to convert the metal ions to a metal hydroxide precipitate. An anionic surfactant (AS -) was added to the solution in order to convert the CS + into an ion associate, the solution was filtrated through two-piled membrane filters. A glass-fiber filter was applied to collect the precipitate, and the PTFE membrane filter was for collecting CS + ·AS -. In fact, it was found that most of the organic substances in the solution, including CS + ·AS -, were adsorbed or involved with the precipitate during heating. For example, more than 70% of the total CS + was found in the precipitate. The precipitate should be small particles and should be distributed uniformly on the glass fiber to perform quantitative elution. The recovery was decreased to 70% at a pH higher than 6, which probably came from aggregation of the precipitate. Although CS + was eluted from the filters with methanol, the humic substance and the precipitate were remained on the filters. The CS + was separated from AS -and chlorophyll by passing the methanol eluent through a cationic-exchange resin column. A 2.5 ml portion of methanol solution containing 0.1 mol dm -3 sodium chloride quantitatively eluted the CS + retained on the column. The isolated CS + was determined by the procedures described above. The spectrum of the final DMF solution was compared with that obtained by a previous study, 16 and that of the standard BPB solution (Fig. 2) a. An aliquot of 10 g dried sediment sample was used in this experiment. The concentration of hydrochloric acid in the methanol solution was 1 mol dm -3 and the ultrasonic irradiation time for each extraction was 30 min. b. The total extraction was supposed to be 100% after 3 extraction operations. the former one. The spectrum obtained by this method, however, was in good agreement with that of the standard BPB solution, indicating that CS + was quite well separated from the sediment extract.
Recovery test and the analysis of environmental samples
The recovery by the proposed method was investigated by the addition of a known amount of Zephiramine, the standard material of CS + , to sediment samples from Furu River, which contains domestic wastewater from housing areas in Toyama City. The results are given in Table 2 . More than 90% recoveries were obtained, indicating the suitability of methanol-hydrochloric acid solution for the extraction of total CS + from the sediment. Sediment samples collected from Furu River and three other rivers in Toyama City were analyzed by this method (Table 3) . CS + was not found in large river. In small rivers containing domestic wastewater, CS + at mg/kg levels was detected in the sediment at places where wastewater is discharged. The CS + was about 500-fold enriched in the sediment compared with the result in water sample, indicating that CS + was quite easily adsorbed to the sediment.
Conclusion
A methanol-hydrochloric acid mixed solvent was found to be very effective for the extraction of whole CS + from sediment. About 10% of the total CS + in sediment, probably retained by precipitation or by a weakly hydrophobic interaction, was extracted by methanol, showing that most of the CS + was adsorbed to the sediment by different and relatively strong interactions. From the result, speciation of the CS + in sediment by subsequent extraction with different solvents could be anticipated. Two piled filters, first glass-fiber and next PTFE membrane filters, and a cationic exchange resin column were successfully applied to the isolation of CS + in the sediment extract. Recoveries over 90% for CS + added to the sediment samples were obtained by this method. The analytical results of the environmental samples indicated that CS + was quite easily adsorbed to the sediment, giving an enrichment factor of 500. 
